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(57) A catheter to tie along and stimulate tissue com- 
prises a sheath 52 having a distal and proximal end 58, 
at least one electrode 54 along the Verier of the distal 



end 56 of the sheath 52 to lie along tissue, a passage 
60 extending from an Inlet at the proximal end 58 of the 

sheath 52 to one or more outlets at the distal end 56 of 
the sheath 52, and an optical fiber in the passage 60. 
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Description 

BACKGROUND AND SUMMARY OFTHE INVENTION 

[0001] The present invention relates to an implanted 
tissue stimulator system and catheters and more spe- 
cifically for use In the intrathecal space. 
[0002] The concept of using electronic stimulation 
systenrtsforthe purpose of controlling nerves or muscles 
Is well known. These systems typically utilize an Im- 
plantable or an extemal pulse generator. The external 
systems consist of a transmitter and antenna which 
transmits energy and^or stimulation signals transcuta- 
neously through a patienfs skin to an implanted receiv- 
er. The receiver provides signal processing of the re- 
ceived pulses and transmits the energy derived there- 
from to activate electrodes implanted adjacent to spe- 
cific types of tissue to be stimulated. A system like the 
one described above has been disclosed previously in 
U.S. Patent 3,727,61 6. It is also known in prior art where 
more than one pair of electrodes are activated such as 
Patent 3,449.768. 

[0003] Problems arise In these prior art systems 
where electrode placement fails to provide the desired 
physical response. It may also occur later if a change in 
patient condition or electrode position occuns. This fail- 
ure may also be caused by Improper polarity of the stim- 
ulated electrodes relative to one another. Furthermore, 
it is often required that the electrodes be implanted sur- 
gically adjacent to one or more nerve fibers. This type 
of procedure involves Inherent risks due to the fact that 
it Is often performed In close proximity to the brain or 
spinal cord or other sensith^e nerves or tissues, it is 
therefore desirable to perform the electrode implanta- 
tion only once to minimize the surgical risks to the pa- 
tient as well as the financial burdens. Moreover, even 
when a plurality of electrodes have been utilized, such 
that repeated surgical procedures are not required, the 
prior art systems did not provide for dynamic progrann- 
ming and reprogramming of different electrodes after 
surgery until U.S. Patent 4,459,989 to Borican. 
[0004] The Borkan patent '989 disclosed an external 
stimulator system whteh altowed non-Invasive progrann- 
mlng of the stimulated electrodes. Each electrode was 
capable of assuming a positive, negative or open circuit 
status witti respect to the other electrodes. This effec- 
tively allowed the electrodes to be "repositioned" non- 
invasiveiy. That same programming ability (ptus/hfiinus/ 
ofO was later applied to totally Implantable systems as 
well. The system had mono/blphasic control also. Fur- 
ther improvements are described In U.S. Patent 
4,612,934 also to Boritan. 

[0005] The application of spinal cord stimulation has 
shown itself to be effective in the treatment of pain and 
Is under study for various other medk^l conditions. Ini- 
tially, the leads were implanted by laminectomy and ap- 
plied to the dura in the epidural space. The next gener- 
ation of electrodes were positioned by percutaneous im- 



plantation. These were either placed into the intrathecal 
space or the epidural space. Due to the construction and 
nature of the electrodes used at thattime (approximately 
30 years ago), numerous compilations occunred with 
5 the use of intrathecal catheter electrodes. These Includ- 
ed CSF leakage. In additk>n, intrathecal electrodes were 
prone to significant movement and migration (as were 
the early epidural leads). 

[0006] Therefore, development efforts were focused 
10 on percutaneous implantations in the epidural space. An 
example of a multi-electrode catheter assembly for spi- 
nal cord stimulatk>n is shown in U.S. Patent 4,379,462 
to Borkan. 

[0007] Advances in catheter technology have allowed 
15 the widespread application of Intrathecal catheters that 
deliver drugs for various medk^l applbations. In addi- 
tion, various fixation means for catheters have been de- 
veloped and successfully utilized to eliminate the prob- 
lem of electrode movement and migration. Therefore, It 
20 is now possible to develop a catheter electrode for 
placement into the intrathecal space without the prob- 
lems and complications experienced previously. 
[0008] The recent use of totally implantable stimulator 
systems with an implanted power source have resulted 
25 in increased emphasis on the amount of power required 
to deliver an effective stimulation regimen. In addition, 
use of multi-electrode systems has put an even greater 
strain on the limited resources of an implanted power 
cell. 

30 [0009] The intrathecal space provides a more direct 
means of delivering either dmgs or electrical stimulation 
to the spinal cord. By definition, implantation of devk^ 
In the epidural space place stimulation or drugs outside 
ttie dura, significantiy further away from the spinal cord. 

35 Intrathecal placement therefore allows s^nlficantly re- 
duced levels of stimu lation and d mgs to create the same 
effect as a catheter placed epiduraity. 
[0010] US-A-5,423,877 discloses a catheter elec- 
trode assembly whtoh has the features included In the 

40 first part of claim 1 . TTie device is for use in acute pain 
management and has a plurality of spaced electrodes 
and a conduit for the infusion of medk:ations simultane- 
ously witti the applteatton of stimulation pulses to the 
epidural space of the spinal cord. 

^ [001 1 ] Various stimulation catheters are disclosed to 
lie along and stimulate tissue in the intrathecal space. 
The electrodes on the leads are various sizes to con- 
serve the k>attery as well as allowi ng a more defined area 
of stimulation. It may also include multiple channels or 

50 passages for delivery of drugs, thermal or photonk: en- 
ergy. The sheatii includes a fixing element configured 
to fix the electrode in place along the tissue. 
[0012] One embodiment of the intrathecal stimulation 
catheter includes a sheath having at least one electrode 

55 along the exterior of a distal end of the sheath to lie In- 
line along the tissue. The fixing element may include at 
least one of the following: inflatable balloons, nitinol, 
tines and the sheath shape. 
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[0013] The sheath also include a passage extending 
from an Inlet at the proxinnal end of the sheath to one or 
nnore outlets at the distal end of the sheath. The outlets 
may be located at one or more locations Including, but 
not limited to, the area between the electrodes and on 
the electrodes. This passage may be used for dispens- 
ing of drugs. It may also be an optical channel or for a 
stilet to be used during positioning of the catheter. This 
may be used without fixing elements. 
[001 4] Altematfvely, one or more optical channels can 
be provided extending from a port at the proximal end 
of the sheath to a port at the distal end of the sheath. 
The port for the optical channel at the distal end may be 
located at one or more of the tip of the distai end, the 
area between the electrodes and on the elec^des. The 
optical channel can provide photonic energy to the tis- 
sue as well as f unboning as a lens for a rennote camera. 
The passage which extends from the inlet of the proxi- 
mal end of the sheath to one or more outlets at the distal 
end of the sheath may be used with at least one elec- 
trode along the exterior of the sheath to lie along the 
tissue to be stimulated. The same passage (or another) 
may also allow the use of a stilet during positioning of 
the catheter. 

[0015] In one embodiment, the electrodes extend no 
greater than 270** about the exterior of the sheath. The 
leads can extend anywhere In the range of 30** - 270^. 
This reduces the surface area of the electrodes and 
therefore the power required by the battery. It also al- 
lows the electrodes to have a more defined or localized 
stimulation. Wherein the electrodes extend less than 
360^ about the exterior of the sheath, the length of the 
each electrode along the sheatti should be typically at 
least 3 mm. If the elec^odes extends 360^ about the 
sheath, the length of the electrodes along the sheath 
typically would be 3 mm or less. The currently preferred 
length Is 2 to 4 mm. 

[0016] In another embodiment, an additional elec- 
trode spaced along the length of the sheath from at least 
three in-line electrodes at the distal end of the sheath. 
By positioning the additional electrode on the sheath it 
is closer to the distal electrodes and thereby reduces 
thecurrentpath compared to using thestimulator casing 
as the additional electrode in a monopolar mode. The 
additional electrode has a surface area on the sheath 
greater than the surface area on the sheath of each the 
at least three electrodes. The additional electrode is typ- 
ically at least twice the surface of the at least three elec- 
trodes and may be spaced, for example, at least 1 0 mm 
from the other electrodes. The Increase In surface area 
can be by varying the length along the sheath or dimin- 
ishing the circumference around the sheath of the elec- 
trodes. The catheter may be activated In either a bipolar 
mode using two of the at least three electrodes and In 
a monopolar mode using the additional electrode as a 
common anode and at least one of the other electrodes 
as a cathode. 

[0017] A method of neurostimulatlon includes insert- 



ing a catheter electrode assembly Into ttie intrathecal 
space and positioning it adjacent to the spinal cord. The 
catheter electrode assembly Includes a sheath having 
a distai and proximal end and at least three in-line elec- 

5 trodes along the exterior as well as a fixing element to 
fix the assembly in place along the spinal cord. The elec- 
trodes are fixed at a desired location along the spinal 
cord using the fixing element. The stimulation pulses are 
provided to one or more of the electrodes. Where the 

10 catheter includes a passage with one or more ports at 
ttie distai end of the catheter, the method further in- 
cludes administering a drug through the passage. 
[0018] In an embodiment, the electrodes extend no 
greater than 60'' about the exterior of the sheath, the 

IS electrodes are positioned along the nerve root where it 
enters the spinal cord (dorsal root entry zone). Altema- 
tively, where the electrodes extend no greater than 90** 
about the exterior of the sheath, the electrodes may be 
positioned along the midline of the spinal cord to stimu- 

20 late only the longitudinal and not the bending nerve fit>- 
ers. 

[0019] The catheter can also be used for a drug treat- 
ment method. This method Includes positioning a stim- 
ulation catheter adjacent to the tissue to be treated by 

25 ttie drug and administering a drug to the patient via the 
catheter. The tissue is then stimulated using the cathe- 
ter. The catheter may include one or more contacts at 
the distal end if the catheter stimulation is by electric 
energy. As an alternative or in combination, an optical 

30 channel with one or more ports at the distal end of the 
catheter would provide stimulation by photonic energy. 
Altematively, drugs may be administered systematically 
or concurrentiy with intrathecally adnlnistered agents. 
[0020] The drug administered may be selected to be 

35 responsive to stimulation. Wherein the dmg is respon- 
sive to light energy with a specific wavelength, the stim- 
ulation of the tissue is with the light energy of that spe- 
cific wavelength using the catheter. Wherein the drug is 
responsive to heat or cold, the tissue is stimulated with 

40 heat or cold using the catheter. The heat may be pro- 
duced by electrical energy or photonic energy. The cold 
may be produced by a Pettier effect device or other 
means for example gas or liquids. An additional optical 
channel with a port at the distal end of the catheter may 

^ be provided and Is used to position the optical channel. 
[0021] Finally, intrathecal stimulation by light energy 
may be administered via the catheter - with or without 
drugs or electrical stimulation - to activate certain tis- 
sues. These tissues may, in some cases, be treated in 

50 some manner to increase theirsensitivlty to this method 
of activation and maybe used In combination with elec- 
trical stimulation. 

[0O22] Other objects, advantages and novel features 
of the present invention will become apparent from the 
55 following detailed description of ttie invention when con- 
sidered In conjunction witti ttie accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Figure 1 is a cross-sectional view of a baclcbone and 
spinai cord. 

Figure 2 is a perspective view of a catheter having 
270^ electrodes. 

Figure 3 is a perspective view of a catheter lead with 
90'' electrodes positioned on the spinai cord. 
Figure 3A Is a perspective view of the 90** electrode. 
Figure 4 is a perspective view of a catheter with a 
60** electrode positioned on the spinal cord. 
Figure 4A is a perspective view of the BO** electrode. 
Figure 5 is a perspective view of a catheter with an 
additional common anode. 
Figure 6 Is a perspective view of another catheter 
with an additional common anode electrode. 
Figure 7 Is a perspective view of a catheter including 
a passage having an outlet at the tip of the electrode 
and a balloon fixation device. Provision for an op- 
tional stilet is also shown. 
Figure 8 Is a perspective view of a catheter with an 
outlet between the electrodes and a nitinol fixation 
device. 

Figure BA shows the nitinol fixation device in posi- 
tion prior to deployment. 

Figure 9 is a perspective view of a catheter with a 
passage having an outiet on the electrode and a tine 
fixation device. 

Figure 1 0 Is a perspective view of a catheter where- 
in the passage is external the sheath. 
Figure 11 is a perspective view of a catheter eleo- 
trode with a passage as well as two optical channels 
according to the principles of the present Invention. 
Figure 12 is a nerve cuff lead employing a common 
anode. 

Figure 13 is a cross-sectional view of another cath- 
eter with a 90** electrode of reduced area. 
Figure 14 is a perspective view of a catheter elec- 
trode having a bent distal end. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Electrodes used for spinal cord stimulation are 
typically Implanted in the epidural space 23 between the 
vertebra 24 and the dura 22, shown in Figure 1 . This is 
done for various reasons, including reduced complexity 
of the surgery, reduced potential complications, an In- 
creased stability of the implant. However, implantation 
in the epidural space requires a significant amount of 
additional stimulation power since the signal must be 
transmitted through the dura 22 and epidural space 23 
and cerebrospinal fluid in order to reach Its desired neu- 
ral targets in the spinai cord 20. Anterior roots 25 and 
posterior roots 26 of the spinal cord 20 and Rami Com- 
municantes 27 are also shown. 



[0025] There were early stimulator leads 28 which 
were utilized in the intrathecal space 21 between the spi- 
nal cord 20 and the dura 22 witiiout success. Typically, 
these leads resulted in inconsistent stimulation, over- 

5 stimulation and, generally, ineffective therapy. However, 
they utilized technology approximately thirty years old. 
Due to development and implementation of better epi- 
dural leads, as well as the lade of a concern for energy 
requirements (since they were using an external battery 

10 pack), this methodology was quickly abandoned. 
[0026] More recentiy, intrathecal catheters have been 
utilized extensively for administration of drugs Including 
morphine and baclofen via Innplantable drug pumps. 
Catheter complk^tions were so prevalent thirty years 

IS ago (CSF leakage, migration, etc.) are no longer a sig- 
nificant problem. Of course, administration of a drug 
does not require a precise electrode placement. 
[0027] This new Intrathecal neurostlmulatton elec- 
trode would uses for example 4 mm electrode contacts 

20 (more forgiving when it comes to precise electrode 
placement) and yet would require dramatically less pow- 
er (less than 20% of the power required for current epi- 
dural electrodes) because the electrodes wouki be In 
direct contact with the CSF and much closer to the de- 

25 sired neural targets. The primary insulating factor result- 
ing in higher power requirements for epidural leads is 
ttie lack of conductivity of the dura 22. The shunting ef- 
fect of electrical cunent within the CSF is a much less 
significant factor. Therefore, an electrode designed with 

30 a stabilization means or fixing elements for use In the 
intrathecal space 21 utilizing materials generally accept- 
ed in the art for intrathecal drug administration would 
provkie a unique, novel and advantageous method of 
stimulation of the spinal cord. 

35 [0028] Fixation metiiods could include one or more of 
the following: inflatable balloons, tines whtoh are either 
retractable with a stilet or simply pliable enough to fit 
through a specialty designed introducer or a novel 
shape (D shape) or the use of nitinol. Any of these f ixa- 

40 tion methods, singly or In combination, can be used to 
provide stable electrode placement on a long term ba- 
sis. 

[0029] The advantages of an intrathecal electrode are 
dramatbally reduced size and/or increased life of a neu- 
45 rostimulator Implant. In addition, Implantation in the In- 
trathecal space allows the use of a larger diameter elec- 
trode catheter and, therefore, more electrodes can be 
placed, providing a wider selection of stimulation sites 
and stimulation paradigms. These stimulation para- 
mo digms could Include sophistteated programs that switch 
stimulation between a number of electrodes slowly (over 
seconds or minutes, hours or days) to avoid accommo- 
dation of the stimulation or could be fast (approximately 
the same speed of the electrical activity of neurons in 
55 the spinal cord) artifciaily generating neural signals 
along the spinai cord 20 whtoh could be perceived as 
any other sensory function with signals that travel 
through the spinal cord. For Instance, a signal could be 



4 



7 



EP1502 a4A1 



8 



generated that would correspond to heat being applied 
to a patient's big toe, or pressure being applied to a pa- 
tient's foot, or the sensation of a limb In a different ori- 
entation than it actually is. 

[0030] Theoretically, tastes, smells, sights or even 
thoughts could be created in this manner allowing vari- 
ous artificial prosthesis (visual, auditory, etc.) to inter- 
face with the human body. 

[0031] A first embodiment is illustrated in Figure 2. A 
catheter 30 includes a sheath 32 having a plurality of 
electrodes 34 at a distal end 36 of the catheter 30. A 
proxinnal end 38 of the catheter 30 have contacts 39 to 
be connected to a stimulator, not shown. There is one 
contact 39 for each electrode 34. The length of the elec- 
trodes L1 are generally 2 to 4 mm. The distance D1 be- 
tween the electrodes is typically 6 mm, for example. The 
electrodes are shown to extend 270** about the circum- 
ference of the catheter. 

[0032] In order to achieve further increases in battery 
life, the surface area of the active electrode contact can 
be reduced. An electrode with a specific orientation ad- 
jacent to the spinal cord would allow a 30** - 270** elec- 
trode as opposed to the 360** electrodes used in all cur- 
rent catheter electrodes. This would also enable the 
electrodes to remain at the preferred 3 or 4 mm in length 
making it easier for physicians to hit the desired target 
and requiring fewer electrode contacts In the catheter 
(also allowing asmallercatheter). Different means could 
be used to stabilize the electrode in place, Including (1) 
Inflatable balloons, (2) nitinol, (3) novel shape elec- 
trodes, (4) mechanical system whereby tines are de- 
ployed upon removal of thestilet, (5) mechanical system 
of flexible tines. 

[0033] A 270** electrode Is illustrated in Figure 2, a 90** 
electrode Is Illustrated In Figure 3A and a 60** electrode 
is illustrated in Figure 4A. 

[0034] The small radius electrode, for example, 90** 
or less, allows a focused electrical stimulation field along 
the physiological midline PML of the spinal cord 20 and 
reduces the effective stimulation field in the area of. the 
bending fibers. As illustrated in Rgure 3, the electrode 
34 may also be placed at the nerve root midline NRML 
It is well known that bending fibers are preferentially 
stimulated when compared to tongitudinal fibers. Thus, 
by positioning the catheter adjacent to the desired lon- 
gitudinal fibers, a focused stimulation of the longitudinal 
fibers will take place. 

[0035] The small electrodes in the range of 30** - 60** 
also allows selective activation of the fibers. This is par- 
tteutariy useful where the nerve enters the cord. Such 
placement is illustrated in Figure 4, where the 60** elec- 
trode 34 is adjacent to the nerve roots 25, 26. 
[0036] For any of the above designs, an additional 
method of decreasing power requirements Is to use mo- 
nopolar stimulation. A large surface area common an- 
ode electrode is used in conjunction with a single elec- 
trode in the desired stimulation area on the electrode 
contact array. Monopolar stimulation Is not new, but 



does provide the opportunity to decrease the power re- 
quirements for effective stimulation. 
[0037] The incorporation of a large surface area an- 
ode electrode some distance away from the other active 

5 electrodes on the same catheter or along the length of 
an Intrathecal catheter has never been performed or at- 
tempted. In the prior systems, the casing of the stimu- 
lator acted as ttie anode In a monopolar mode. Its dis- 
tance from the distal electrodes created a long current 

10 path . This new and novel approach reduces the current 
path, creates a different field and also allows a unitary 
electrode system so that the stimulator device itself 
does not have to be made in two different configurations 
(one with an active case anode and one withouQ. There- 

15 fore, a chotee between bipolar and monopolar stimula- 
tion can be made after implantation using a stimulator 
(pulse generator) which could normally only provide bi- 
polar stimulation. 

[0038] As Illustrated in Figure 5, an additional eleo- 

20 trode 35 is provided at the distal end 36 displaced from 
the other electrodes 34. The electrodes 34 are shown 
as 360** electrodes. As illustrated in Figure 6, catheter 
40 Includes a sheath 42 witti having a plurality of Inline 
electrodes 44 and an additional electrode 45 on the wire 

25 or sheath extension 47 extending from the distal end or 
paddle 46. The proximal end 48 has contact 49 con- 
nected to each electrode and to a stimulator. 
[0039] The electrodes 34, 44 all have a length L1 and 
the additional electrode 35, 45 has a lengtti L2. Lengtii 

30 L2 Is greater than LI , at least twice Its lengtti. Thus, for 
example, if length L1 is 2 mm, the lengtti L2 Is 4 mm. 
The length L2 may be anywhere between 2-4 times that 
of the length L1 . Also, it should be noted that the addi- 
tional electrode 35, 45 is spaced by a distance D2 from 

35 thenearestelectrode34,44.WhereD1 is approximately 
6 mm, the distance D2 is at least 10 mm and can be as 
much as 20 mm. With this distance, the electrode ads 
as a point source when used in conjunction with a sec- 
ond electrode. The electrodes 34, 44 act as a point 

40 source when used in conjunction with the additional 
electrode 35, 45 of the increased area. 
[0040] Altematively, a conrvnon anode or additional 
electrode 35 may be the same lengtti as the other elec- 
trodes 34, but have a greater circumferential dimension 

45 than that of the electrode 34. This would Increase the 
surface area of the additional electrode 35 relative to the 
other electrodes 34. Therefore, the electrodes 34 may 
be In the 30** to 270** configuration previously described. 
The separation difference between the electrodes 34 

50 and that of 35 will allow operation as described with re- 
spect to Figure 5 and 6. Such an electrode Is illustrated 
in Rgure 12 to be discussed below. 
[0041] Acathetercapableof stimulation electrically as 
well as dispensing drugs Is Illustrated in Figures 7-11. 

55 The catheter 50 has a sheath 52 with inline electrodes 
54 spaced along the distal end 56. At ttie proximal end 
58, temiinal contacts 59 are connected intemally to 
each of the electrodes shown. A passage 60 is provided 
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in the sheath 52. In Rgure 7, an outlet 62 Is provided in 
the tip of the distal end 56 and a balloon fixation device 

63 is shown. Provision is also made for an optional stilet 
which is renDovable and may be used to assist in place- 
ment of the catheter Various stilets 61 of different 
shapes and characteristics may be used with these 
leads. 

[0042] In Rgure 8, the outlet 64 is shown in the space 
between the electrodes 54 and a nitlnol fixation device 
65 is shown in the deployed condition. In figure 8A, niti- 
nol fixation device 65 is shown prior to the deployment 
through opening 53 in sheath 52. In Rgure 9, the outlet 

64 is shown in or on the electrode 54 and a tine fixation 
device 67 is shown. 

[0043] Although one fixation Is illustrated on a specific 
Figure, any f ixation device may be used with any of the 
catheters. Rxatlon methods may also include devices 
that are actively deployed and/or retracted (for instance 
by a stilet) In addition to the methods shown herein. Al- 
so, the fixation device may be located at any or more 
than one location or position along the catheter. A fixa- 
tion device should be used where the catheter electrode 
is installed in the intrathecal space. 
[0044] While Rgures 7-9 show the passage 60 Inter- 
nal to the sheath 52, an extemal delivery 68 may be 
used as shown in Rgure 10. 
[0045] The catheter 50 may also include a single or 
pair of optical channels 70 and 72 having outlets or ports 
in the distal end. The fiberoptic channels and light ener- 
gy delivered through a deartranslucent area In the cath- 
eter is Illustrated In Rgure 11 . One of the channels can 
provide a source of light to be used as a further source 
of stimulation. The other channel will fomn a lens for a 
camera or other monitoring devices. The camera can be 
used In positioning the electrode or distal end. Channel 
60 with outlet 64 is also shown for a doig delivery. 
[0046] It should be noted that only a single optical path 
can be used to provide a source of light for a photon 
stimulation without the passage 60 or the outiet 64. It 
should also be noted that the passage 60 or extemal 
passage 68 for drug delivery may be used in combina- 
tion with tiie light channel 70 without the electrodes 54. 
Although two channels 70, 72 are shown, any number 
of channels could be used and could include a combi- 
nation of different types of channels - working channels 
for instruments, optical channels for light or camera, sti- 
lets etc. 

[0047] The catheter of Rgures 7-1 1 may be used in a 
percutaneous drug treatment method. The drug is ad- 
ministered to the patient and the stimulation cathode Is 
positioned adjacent the tissue to be treated by the drug. 
The tissue is then stimulated using the catheter. This 
allows selective and localized drug treatment Certain 
compounds change chemically when stimulated. Com- 
pounds can also be delivered via electropheretic 
means. 

[0048] The intrathecal location of this catheter places 
It past tiie blood/brain barrier and therefore offers nu- 



merous unique opportunities for combination stimula- 
tion/drug treatment regimes, in addition, application of 
various forms of energy (heat, cold, etc.) Independentiy 
or with stimulation allow indirect alteration of brain 

5 chemistry. Also the production of heat in a tissue may 
make the tissue more susceptible to absorption of a 
drug. The drug may be administered through the pas- 
sage 60 or 68. The source of stimulation and/or the 
drugs may be extemal to the body or totally Implantable. 

10 The implantable system could include a microproces- 
sor, pump, portend an extemal portfor refilling the pump 
or selection of a different drug or fluid. 
[0049] The drug may be stimulated by electrical ener- 
gy using the electrodes 54 or by photonic energy using 

15 the optic channel 70. Heat may be produced by either 
the electrodes 54 or the optical channel 70. Cold may 
be produced by a Peltier effect chip or other means, for 
exannple gas or liquids. If the drug is responsive to light 
energy of a specific wavelength, the stimulation uses 

20 light energy of that specific wavelength. 

[0050] Rnally, intrathecal stimulation by light energy 
may be administered via the catheter - with or without 
drugs or electrical stimulation - to activate certain tis- 
sues. These tissues may, in some cases, be treated in 

25 some manner to increase their sensitivity to this method 
of activation and nriaybe used In combination with elec- 
trical stimulation. 

[0051] The catheter 50 as Illustrated In Rgure 12 is 
curved at its distal end 56 which Includes the electrodes 

30 54. Sheath 52 includes a wire extension 57 which in- 
cludes the additional anode electrode 55 and the elec- 
trical contact 59. The curved distal end 56 wraps around 
the spinal cord or the nerves. This is another fonm of a 
fixing device. The stilet 61 can be inserted through pas- 

35 sage 60 to maintain the distal end 56 linear until it is 
adjacent to the nerve or the spinal cord. The passage 
60 may then be used for fluid delivery. 
[0OS2] Different shape stilets may t>e used (bent tips 
for example) to improve steerabllity during positioning 

40 of the catheter, as illustrated in Rgure 14. 

[0053] Additional electrode 55 has the same length LI 
along the sheath 52 or wire 57 as does the electrodes 
54. The difference is that electrodes 54 are illustrated 
as 270^ electrodes, whereas additional electrode 55 is 

45 a 180** electrode. This difference in circumferential di- 
mension provides the difference in surface area. This 
provides the minimum 2 to 1 surface area as previously 
discussed. Obviously, the distance D1 between elec- 
trodes 54 is substantially less than the distance D2 be- 

50 tween electrodes 54 and 55. 

[0054] A modified 90"* electrode is illustrated In cross- 
section in Rgure 13. Electrode 54 has a smaller radius 
ordiameter A than sheath's 52 radius or diameter B. For 
example, the diameter A may be 0.11 mm (0.0045 inch- 

55 es) and diameter B may be 1 .7 nnm (0.065 inches). The 
shape of the sheath and elec^ode allows Introduc^on 
through a standard Introducer needle. It still offers a re- 
duced area electrode 54 and a stabilizing shape which 
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may be used with or without tines or other fixation 
means. 

[0055] Although the invention has been described for 
use with an Implanted stimulator system (externally or 
Intemally powered), It should be noted that the same 5 
type of regime can be delivered by a non-implantable 
device. Applications for such non-impiantable systems 
could include intra-operative testing of a stimulator sys- 
tem prior to Implantation. An extemal stimulator system 
is connected to an implantable electrode for a period of io 
trial stimulation prior to detemnining whether an implan- 
tation should be perfomied. 

[0056] Although the present invention has been de- 
scribed and illustrated in detail, it is to be clearly under- 
stood thatthe same is by way of illustration and example is 
only, and is not to be taken by way of limitation. The 
scope of the present invention is to be limited only by 
the terms of the appencted claims. 



Claims 

1 . A catheter to lie along and stimulate tissue compris- 
ing: 

25 

a sheath (52) having a distal end (56) and prox- 
imal end (58), 

at least one electrode (54) along the exterior of 
the distal end of the sheath (52) to lie along tis- 
sue, ^ 
a passage (60) extending from an Inlet at the 
proximal end (58) of the sheath (52) to one or 
more outlets at the distal end (56) of the sheath, 
and 

an optical fiber in the passage (60). 35 

2. The catheter of claim 1 , wherein the outlets are at 
the tqp of the distal end (56) and/or the adjacent to 
the tip of the distal end and/or on the electrode (54). 

40 

3. The catheter of claim 1 , including one or more op- 
tical channels (70. 72) extending from a port at the 
proximal end (58) of the sheath (52) to a port at the 
distal end (56) of the sheath. 

45 

4. The catheter of claim 3, wherein the port at the distal 
end (56) is at the tip of the distal end and/or adjacent 
to the tip of the distal end and^or on at least one 
electrode (54). 
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